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ABSTRACT 
Purpose: To investigate how peripheral refraction and peripheral eye length are related to 
retinal shape. 
Methods: Relative peripheral refraction RPR and relative peripheral eye length RPEL were 
determined in 36 young adults (M +0.75D to −5.25D) along horizontal and vertical visual 
field meridians to ±35° and ±30°, respectively. Retinal shape was determined in terms of 
vertex radius of curvature Rv, asphericity Q and equivalent radius of curvature REq using a 
partial coherence interferometry method involving peripheral eye lengths and model eye 
raytracing. Second order polynomial fits were applied to RPR and RPEL as functions of 
visual field position. Linear regressions were determined for the fits’ second order co-
efficients and for retinal shape estimates as functions of central spherical refraction. Linear 
regressions investigate relationships of RPR and RPEL with retinal shape estimates.  
Results: Peripheral refraction, peripheral eye lengths and retinal shapes were significantly 
affected by meridian and refraction. More positive (hyperopic) relative peripheral refraction,  
more negative RPELs and steeper retinas were found along the horizontal than along the 
vertical meridian and in myopes than in emmetropes. RPR and RPEL, as represented by their 
second order fit coefficients, correlated significantly with retinal shape represented by REq. 
Conclusion: Effects of meridian and refraction on RPR and PEL patterns are consistent with 
effects on retinal shape. Patterns derived from one of these predict the others: more positive 
(hyperopic) RPR predicts more negative RPEL and steeper retinas, more negative RPEL 
predicts more positive relative peripheral refraction and steeper retinas, and steeper retinas 
derived from peripheral eye lengths predict more positive RPR. 
Keywords: myopia, peripheral refraction, peripheral eye length, retinal shape 
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INTRODUCTION 
Retinal shape has been reported to have an association with refractive errors and is 
considered important in myopiogenesis.
1
 Although magnetic resonance imaging is the 
standard for determining retinal shape,
2-6
 the cost limitation of this method has led to indirect 
techniques such as peripheral refraction and peripheral eye lengths being used to investigate 
the role of retinal shape in myopia.
7
 Retinal shape has been inferred from peripheral 
refraction
8-12
 and from peripheral eye length measurements.
13-18
 For example, positive 
relative peripheral refraction and negative relative peripheral eye length are considered to be 
associated with a “prolate” retinal shape. 
Many studies measuring peripheral refraction along the horizontal meridian have referred 
to either the retinal shape or whole eye shape becoming prolate as myopia increases.
8-12
 There 
are differences amongst refractive groups in peripheral refraction in horizontal and vertical 
meridians,
10, 19
 but it is not known if this is linked to meridional differences in retinal shape. 
Considering that both the optics of eye and the retinal shape contribute to the peripheral 
refraction, and the large variation found in the peripheral refraction, this inference of retinal 
shape from peripheral refraction may not be accurate. The purpose of this study was to 
investigate how peripheral refraction and peripheral eye lengths are related to retinal shape 
obtained using a partial coherence interferometry method.
20
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METHODS 
The study followed the tenets of the declaration of Helsinki and the experimental 
protocol was approved by the Human Research Ethics Committee of the Queensland 
University of Technology. The nature of experimental procedures was explained to 
participants and written informed consent was obtained before taking measurements. 
To avoid the possible confounding factor of race, thirty-six participants of Chinese 
ancestry were recruited for this study. There were 14 emmetropes (mean M ± SD = 0.01 ± 
0.10 D) and 22 myopes (–2.75 ± 1.25 D) and the mean age of participants was 23 ± 4 years 
(range 18 to 30 years) with spherical equivalent refraction (M) ranging from +0.75 D to −5.25 
D. 
Peripheral refraction and peripheral eye lengths along both the horizontal and vertical 
meridians of the visual field out to ±35° and ±30°, respectively, in 5° steps were obtained for 
each participant after pupil dilation with one drop of 1.0% tropicamide. The methodology for 
determining peripheral refraction using Shin-Nippon auto-refractor and peripheral eye 
lengths using the Lenstar partial coherence interferometry has been detailed elsewhere.
20-22
 
Relative peripheral refraction (RPR) and relative peripheral eye length (RPEL) were 
determined by subtracting the on-axis refraction/eye length (EL) values from those obtained 
at different peripheral visual field positions (RPR = peripheral M – central M and RPEL = 
peripheral EL – central EL). M and RPEL were plotted as a function of visual field position. 
Second order polynomial fits were applied for each participant: 
y = ax
2
 + bx + c 
where x was the visual field angle in degrees and was taken as being positive for both nasal 
and superior visual fields. Data corresponding to the optic disc (15º temporal field) were not 
included in fits. 
5 
Retinal co-ordinates were estimated from peripheral eye length measurements and 
raytracing through a modified Le Grand full theoretical eye. Based on the assumption that the 
Lenstar beams are normal to the anterior cornea, rays were directed towards the center of 
curvature of this surface and through the eye to estimate retinal co-ordinates. Conicoidal fits 
were made along the horizontal (x) and vertical (y) meridians to estimate vertex radius of 
curvature (Rxv and Ryv) and asphericity (Qx and Qy). The methodology has been detailed 
elsewhere.
20
 Considering that the vertex radius of curvature and asphericity are not 
independent of each other (for example a positive change in Q can compensate for a positive 
change in Rv), retinal coordinates were fitted also to a best sphere (Q = 0) to determine the 
“equivalent” retinal radius of curvature (REq). Means ± 95% confidence intervals were 
determined in emmetropes and myopes along horizontal and vertical field meridians. Data 
corresponding to the optic disc (15º temporal field) were not included in the RPR, RPEL or 
retinal shape analyses. 
Separate univariate ANOVAs were conducted on the “a” coefficients for RPR and RPEL 
and on the vertex radius of curvature (Rv), asphericity (Q) and equivalent retinal radius of 
curvature (REq), with refraction group (myopes/emmetropes) as a between-subject factor and 
visual field meridian (horizontal/vertical) as a within-subject factor. To investigate if RPR or 
RPEL or retinal shape estimates were affected by myopia magnitude, linear regressions were 
determined for the “a” co-efficients, Rv, Q and REq as functions of central M.  
Pearson correlation coefficients were used to examine the relationships of RPR and 
RPEL (both using coefficient “a”) with the retinal shape estimates along horizontal and 
vertical meridians. 
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RESULTS  
Peripheral refraction 
 Figure 1 shows individual peripheral refractions along horizontal and vertical meridians. 
The data for each emmetrope have been moved vertically to pass through zero at fixation. 
Similarly the data for each myope have been moved to pass through the mean refraction of 
the group. The overlaid mean fits are reasonably representative of the individual plots, 
although it cannot show the increasing relative hyperopic shift with increasing myopia. 
Figures 2a and b show means ± 95% CI of M along horizontal and vertical field 
meridians as a function of visual field angle, and Figure 2c shows linear regression of the a 
coefficients as a function of central M. The peripheral refraction patterns were affected 
significantly by both meridian and refraction [ANOVAs of RPR for coefficient “a” were F1,68 
(meridian) = 45.7, p = 0.001; F1,68 (refraction group) = 19.5, p < 0.001]. Along the horizontal 
field meridian emmetropes had had little variation in refraction, while myopes had relative 
peripheral hyperopia (Figure 2a), and along the vertical field meridian both emmetropes and 
myopes showed relative peripheral myopia which was greater in the emmetropes than in 
myopes (Figure 2b). The linear regressions showed that, along both the horizontal and 
vertical field meridians, coefficient “a” shifted significantly in the positive direction with 
increasing myopia (Figure 2c).  
Peripheral eye length 
Figures 2a and b show means ± 95% CI of RPEL along horizontal and vertical field 
meridians as a function of visual field angle, and Figure 3c shows linear regression of the a 
coefficients as a function of central M. Peripheral eye lengths patterns were affected 
significantly by both meridian and refraction group [ANOVAs for coefficient “a” were F1,68 
(meridian) = 37.03, p < 0.001; F1,68 (refraction group) = 41.5, p < 0.001]. Negative RPEL was 
found along both meridians with higher ‘a” values along the horizontal (mean ± 95% CI 
7 
0.0009 ± 0.0001 mm/deg2) than along the vertical field (0.0006 ± 0.0001) and in myopes 
(0.0009 ± 0.0001) than in emmetropes (0.0005 ±0.0001). The linear regressions showed 
that, along both meridians, coefficient “a” shifted significantly in the negative direction with 
increasing myopia (Figure 3c). 
 
Retinal shape 
Figure 4 shows linear regressions of vertex radius of curvature, asphericity and 
equivalent radius of curvature against central M along horizontal and vertical field meridians.  
Vertex radius of curvature was affected significantly by both visual field meridian and 
refraction group [ANOVA F1,68 (meridian) = 11.2, p = 0.001; F1,68 (refraction group) = 6.8, p 
= 0.01]. The vertex radii of curvature were smaller along the horizontal (mean ± 95% CI: 
11.2 ± 0.5 mm) than along the vertical meridian (12.6 ± 0.6 mm) and in myopes (11.5 ± 0.6 
mm) than in emmetropes (12.5 ± 0.4 mm). The differences between myopes and emmetropes 
were greater along the horizontal (myopes vs emmetropes: 10.5 ± 0.6 mm vs 12.2 ± 0.6 mm) 
than along the vertical meridian (12.5 ± 0.9 mm vs. 12.8 ± 0.6 mm). 
Asphericity was not affected significantly by either visual field meridian or refraction 
group [F1,68 (meridian) = 0.002, p = 0.97 and F1,68 (refraction group) = 0.16, p = 0.21]. There 
was a significant interaction between refraction and meridian (F1,68 (meridian x refraction) = 
14.5, p < 0.001), with the myopes showing more negative asphericity values (–0.59 ± 0.23) 
than the emmetropes (–0.05 ± 0.21) along the horizontal meridian, indicating prolate retinal 
shapes for the former. 
The equivalent radius of curvature was affected significantly by both visual field 
meridian and refraction group [ANOVA F1,68 (meridian) = 36.9, p < 0.001; F1,68 (refraction 
group) = 8.1, p = 0.006]. The equivalent radius of curvature was smaller along the horizontal 
(mean ± 95% CI 12.0 ± 0.3 mm) than along the vertical meridian (13.6 ± 0.5 mm) and in 
8 
myopes (12.5 ± 0.6 mm) than in emmetropes (13.3 ± 0.7 mm). While the vertex radius of 
curvature decreased significantly and asphericity became significantly more negative, with 
increasing myopia along the horizontal meridian (Figures 4a and 4b), equivalent radius of 
curvature did not change significantly with refraction along either meridian (Figure 4c). 
 
Comparing retinal shape with peripheral refraction and peripheral eye lengths 
Table 1 shows the correlations between retinal shape estimates (Ry, Q, REq) and RPR and 
RPEL “a” co-efficients along the horizontal and vertical meridians. All correlations were 
significant for the horizontal field meridian. However for the vertical meridian, of the retinal 
shape factors, only the equivalent radius of curvature had consistent, significant correlations 
with relative peripheral refraction and relative peripheral eye length. Significant correlations 
were also found between “a” co-efficients of RPR and RPEL along both meridians. 
 
DISCUSSION 
Peripheral refraction, peripheral eye lengths and retinal shapes were significantly 
affected by meridian and refraction. Greater relative peripheral hyperopia, more negative 
relative peripheral eye lengths (RPELs) and steeper retinas were found along the horizontal 
than along the vertical meridian and in myopes than in emmetropes. When relative peripheral 
refraction (RPR) and RPELs were represented by the steepness of their second order fits as a 
function of visual field angle, both of them were correlated significantly with retinal shape 
represented by equivalent radius of curvature (Table 1). 
The different RPR patterns with central refraction, i.e, emmetropes having little variation 
in peripheral refraction along the horizontal field meridian and relative peripheral myopia 
along the vertical field meridian, whilst relative peripheral hyperopia is evident in myopes 
along the horizontal meridian but not the vertical meridian, agrees with previous studies.
19, 23
 
9 
Similarly, the changing RPEL with central refraction, i.e. negative RPEL in emmetropes 
which is yet more negative in myopes, agrees with previous studies that tested along the 
horizontal visual field.
13, 14, 16, 17
 Data reported here confirm  previous findings of significant 
correlations between RPEL and RPR along the horizontal visual field.
16, 17, 24
  
Many studies of peripheral refraction along the horizontal meridian have referred to 
either the retinal shape or eye shape becoming prolate as myopia increases. Technically the 
terms oblate and prolate refer to the asphericity of conics and conicoids with oblate shapes 
steepening away from the vertex and prolate shapes flattening away from the vertex.
7
 
Asphericity did not change significantly with refraction, but there was a significant 
interaction between refraction and meridian in an ANOVA, with myopes showing more 
negative asphericity values (–0.59 ± 0.23) than the emmetropes (–0.05 ± 0.21) along the 
horizontal meridian. Caution must be exercised when interpreting the asphericity results 
because the conicoid fittings using a maximum of 15 points involve a balance in Rv and Q in 
which more negative values in the latter may be compensating for smaller values in the 
former. Over a much larger region of the retina and with many more data points than 
available in this study, Atchison et al.’s4 MRI study found that retinas of young adults 
became less oblate as myopia increased along both horizontal and vertical meridians, but with 
few retinas being prolate.  
 The difference in peripheral refraction patterns between horizontal and vertical visual 
field meridians is considerable, with the horizontal field showing less relative peripheral 
myopia (or more relative peripheral hyperopia). As shown in Figure 1c, the difference is 
consistent across a range of central refractions at about 0.0012  D/deg
2
 in the second-order 
fitting co-efficient.  
10 
 
To conclude, effects of visual field meridian and refraction on both RPR and RPEL 
patterns are consistent with those effects on retinal shape over comparable visual field angles 
and retinal regions. Accordingly, patterns derived from one of these predict the patterns of the 
other two: more positive (hyperopic) RPR predicts more negative RPEL and steeper retinas, 
more negative RPEL predicts more positive RPR and steeper retinas, and steeper retinas 
(derived from peripheral eye lengths) predict more positive RPR. The sign of RPEL is always 
negative and therefore this alone does not indicate the shape of the retina or the sign of 
relative peripheral refraction. Although steeper retinal shapes (smaller vertex radii of 
curvature and equivalent radius of curvature) are consistent with greater relative peripheral 
hyperopia, other ocular parameters such as anterior corneal shape contribute to the 
relationship between peripheral refraction and retinal shape. These can be expected to have 
minor influences except if there is pathology or interventions affecting surface shapes.
25-32
 
Predictions for retinal shape based on peripheral refraction as to being prolate or oblate in the 
context of mathematical fitting may not be accurate and are better not to be made.  
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FIGURE CAPTIONS 
FIGURE 1. Individual M along a) horizontal and b) vertical visual field meridians for 
emmetropes and myopes. The data for each emmetrope have been moved vertically to pass 
through zero at fixation. Similarly the data for each myope have been moved to pass through 
the mean refraction of the group. The second order fits for each group have been overlaid. 
 
FIGURE 2. Mean M along a) horizontal and b) vertical visual field meridians for emmetropes 
and myopes. Error bars indicate 95% confidence intervals of mean. Second order polynomial 
fits for emmetropes along horizontal and vertical meridians are y = –0.00066x2 + 0.0020x – 
0.05, R² = 0.17, p = 0.43 and y = –0.00156x2 – 0.00658x – 0.15, R² = 0.95, p < 0.001,  
respectively; second order polynomial fits for myopes are y = +0.00084x
2
 – 0.00354x – 2.83, 
R² = 0.90, p < 0.001  and y = –0.00042x2 + 0.00094x – 2.98, R² = 0.38, p = 0.03. c) 
Coefficients ‘a’ of the polynomial fits of RPR along the horizontal meridian (solid line) and 
vertical meridian (dashed line) as a function of central M: Linear regressions for the 
horizontal and vertical meridians are, respectively, y = –0.0002x + 0.0001, R² = 0.21, p = 
0.004 and y = –0.0003x – 0.0013, R² = 0.18, p = 0.009. 
 
FIGURE 3. Mean RPEL along a) horizontal and b) vertical visual field meridians. Other 
details are as for Figure 1. Coefficients of second order polynomial fits for emmetropes along 
horizontal and vertical meridians are y = –0.00075x2 – 0.00311x – 0.03, R² = 0.18, p < 0.001 
and y = –0.00025x2 + 0.00207x – 0.04, R² = 0.91, p < 0.001; corresponding values for 
myopes are y = –0.00113x2 – 0.00122x – 0.04, R² = 0.98, p < 0.001 and y = –0.00080x2 – 
0.001394x – 0.01, R² = 0.96, p < 0.001; c) linear regressions for the horizontal meridian 
(solid line) and vertical meridian (dashed line) are, respectively, y = +0.00011x – 0.00081, R² 
= 0.38, p < 0.001 and y = +0.00015x – 0.0003, R² = 0.38, p < 0.001. 
15 
  
FIGURE 4. a) Retinal vertex radii of curvature Rv, b) asphericities Q, and c) equivalent 
retinal radius of curvature REq as a function of central M along horizontal and vertical field 
meridians. For vertex radius of curvature along the horizontal meridian, the linear regression 
(solid line) is y = +0.377x +11.83, R² = 0.19, p = 0.01; the corresponding linear regression 
along the vertical meridian is not significant (p = 0.36) and the mean 12.60 mm is shown 
(dashed line). For asphericity along the horizontal meridian, the linear regression (solid line) 
is y = +0.121x – 0.18, R² = 0.14, p = 0.02; the corresponding linear regression for the vertical 
meridian is not significant (p = 0.10) and the mean –0.0.19 is shown (dashed line). For 
equivalent radius of curvature, the linear regressions are not significant horizontally (p = 
0.17) and vertically (p = 0.07), and the respective means 11.96 and 13.60 mm are shown. 
 
Table 1. Pearson correlation coefficients for retinal shape estimates as functions of the “a” 
coefficients of RPR and RPEL. P values are given in brackets. 
Horizontal meridian RPEL Rxv  Qx  REq  
RPR –0.67 (< 0.001) –0.58 (< 0.001) –0.43 (0.01) –0.57 (< 0.001) 
RPEL  +0.54 (< 0.001) +0.32 (0.04) +0.58 (< 0.001) 
Vertical meridian  Ryv  Qy  REq  
RPR –0.74 (<0.001) –0.04 (0.81) +0.26 (0.12) –0.66 (< 0.001) 
RPEL  +0.02 (0.91) –0.42 (0.01) +0.84 (< 0.001) 
 
I do not have the figures for the paper. 
 
